Abstract -A novel ultra wideband (UWB) bandpass filter (BPF) with dual notch bands using the coupled stepped impedance resonator (SIR) is presented. The filter consists of a square-etched multi-mode resonator (MMR) and two coupled SIRs to provide dual notch bands at 5.2 and 5.8 GHz over the standard UWB frequency range. The IS211-magnitude and the frequency positions of the notch bands can be determined by tuning the dimensions of the coupled SIRs. The designed procedures are discussed and good agreement between the measurement and EM simulation are compared.
I. INTRODUCTION
Ultra wideband (UWB) bandpass filters with compact size and high performance are desirable in UWB applications (range of 3.1-10.6 GHz). Recently, many methods have been used to develop new UWB filters [1] - [3] . L. Zhu et al. proposed the UWB filter used a multiple-mode resonator (MMR) with tight coupling 110 lines to generate a wideband response [1] . S. Sun et al. proposed the UWB filter using MMR with the capacitive-end interdigital coupled 110 lines was proposed for improving the out-of-band performance [2] . Two capacitive-ended interdigital coupled 110 lines with tapered outer arms can compensate the phase imbalance and group delay near the upper passband. S. W. Wong et al. proposed the UWB filter using short-/open-stubs embedded ring resonator. The square ring resonator is first excited by two interdigital coupled-lines at two sides to achieve a triple mode ultra-wideband bandpass filter performance [3] .
In the U.S. Federal Communications Commission (FCC) defined UWB in-door specification (3.1 -10.6 GHz), the 5.2 -5.8 GHz wireless local area network (WLAN) is existed and interfered with UWB system operations. Some methods proposed to introduce the notch band to suppress the interferences [4] - [6] . Z. C. Hao et al. proposed the UWB filter using the multilayer nonuniform periodical structure, which can generate multiple transmission zeros, is deployed in the filter design to improve the selectivity and upper stopband performance of the filter [4] . S. G. Mao et al. proposed the UWB filter based on a conductor-backed Copyright 2010 IEICE 33 coplanar waveguide (CPW) structure with tunable transmission zeros [5] . C. P. Chen et al. proposed the UWB filter with a controllable notch band. The short-circuited-stub loaded multi-mode resonator based UWB filter is designed to create an ultra-wide passband, within which a narrow notch band is introduced by an external coupled SIR [6] . These works can effectively provide mUltiple notch bands in the design of UWB filters. However, the design methods are hard to follow and fabrication processes are difficult to realize. In this paper, the UWB filter with dual notch bands using the coupled SIR is proposed. The filter consists of a square etched multi-mode resonator (MMR) and two coupled SIRs to provide dual notch bands at 5.2 / 5.8 GHz over the standard UWB frequency range. The characteristics of the dual notch bands can be easily determined by tuning the dimensions of the coupled SIRs. The measured results of the fabricated sample are in good agreement with the full-wave electromagnetic (EM) simulation results [7] . Fig. 1 shows the structure of the proposed UWB filter. The filter consists of a square-etched multi-mode resonator (MMR) and two coupled SIRs to provide a standard UWB spectrum mask with dual notch bands at 5.2 and 5.8 GHz. 
II. CIRCUIT DESIGN
Frequency (GHz) placed at sides of the square-etched MMR [8] . Fig. 2(b) shows the IS21I-magnitude of the MMR with different coupled line lengths (Lc). The three resonant frequencies at 4.4, 6.8 and 9.5 GHz are observed with large insertion loss, while the Lc = 1.2 mm. When Lc increased from 1.2 to 4.2 mm, the IS21I magnitude raised to agree the FCC-defined UWB frequency spectrum.
From [6] , the ISzll-magnitude in comparisons of open stub, spur-line, embedded stub and coupled SIR is shown in Fig.  3(a) . There are four methods to produce a narrow notch band over UWB frequency spectrum in recent studies [6] , [8] - [10] . In order to design the multiple notch bands in UWB, the notch band with much narrowed bandwidth is a best selection. Fig. 3(b) shows the relationship between FBW and ISzll magnitude in comparisons of open stub, spur-line, embedded stub and coupled SIR [6] . The open stub shows the best level of IS211-magnitude than other structures. However, the large bandwidth would cause the interaction between the multiple notch bands to destroy the UWB passband quality. The spur line and embedded stub show the much compact circuit size, however, the bandwidths are still too large. The coupled SIR shows the narrowest bandwidth in a notch band and provides acceptable IS211-magnitude. The main advantage of the coupled SIR is that the IS211-magnitude and frequency position in notch band can be easily determined by tuning the dimensions of the coupled SIRs.
To determine the frequency response of the notch band, the relationship between impedance ratio (K) and normalized resonance frequencies of the SIR is shown in Fig. 4(a) . The input admittance Yin of the SIR is derived in the following equation [II] y =' y 2 (Ktan9 1 + tan9 z ) (K-tan Z 9 1 )
(1) The resonant modes of SIR occurs while Yin = O. The resonance conditions are well known and determined by following equations
To achieve the widely tunable resonant modes of SIR, the length ratio of SIR is defined as a = 82/(81+82). There are several solutions for 8., which are dependent on the choice of K and a. To provide a very wide stopband, both of the SIRs need to design at the same fundamental frequency (fo) and placing the higher resonant frequencies (spurious frequencies, fsi) at the different frequency positions. Fig. 4 Frcqucncy(GHz)
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III. RESULTS
Duroid 6010 substrate with a relative dielectric constant of 10.2, a loss tangent of 0.0023 and a thickness of 1.27 mm is used for the simulation and practical fabrication. The filter was measured by using the vector network analyzer HP 8510C. Fig. 5 shows the photograph of the fabricated UWB filter. The size of the filter is around 13.4 Table I . The proposed filter provides the characteristics of compact circuit size, simple fabrication process and good performance. The superior feature of the UWB filter has a potential to be utilized in the mobile UWB wireless communication system. 
IV. CONCLUSION
In this paper, the UWB filter with dual notch bands using the coupled stepped impedance resonator (SIR) has been presented. The dual notch bands at 5.2 and 5.8 GHz with good rejection level can be easily determined by tuning the dimensions of the coupled SIRs. This study provides a simple and effective method to design a UWB filter without complex fabrication process. Good agreement between the measurement and EM simulation has been compared. The proposed UWB filter is actually suitable for mobile ultra wideband communication system.
